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Abstract 
Diffusion tensor imaging (DTI) is a 
MRI technique that enables the 
measurement of the diffusion of water in 
tissue in order to produce neural tract 
images. DTI allows clinicians to look at 
anisotropic diffusion in white-matter tracts, 
but it is limited in demonstrating spatial 
and directional anisotropy. Advanced 
methods such as color coding and 
tractography (fiber tracking) have been used 
to investigate the directionality. The 
localization of tumors in relation to the 
white matter tracts (infiltration, deflection), 
has been one the most important initial 
applications. Tractography potentially 
solves a problem for a neurosurgeon in 
terms of minimizing functional damage and 
determining the extent of diffuse 
infiltration of pathologic tissue to minimize 
residual tumor volume. In this way, 
tractography facilitates preoperative 
planning. Tractographic images may help to 
clarify whether a tumor is compressing, 
abutting, or infiltrating the contiguous 
white-matter tracts. DTI identify different 
tumor components, and to differentiate 
tumor invasion from normal brain tissue or 
edema. The recent development of DTI 
allows for direct examination of the brain 
microstructure, and DTI has become a 
useful tool for investigation of brain 
disorders such as stroke, epilepsy, MS, 
brain tumors, and demyelinating disorders. 
Keywords: diffusion tensor imaging, 
neurosurgery, tractography.  
Introduction 
Diffusion tensor imaging (DTI) is a 
MRI technique that enables the 
measurement of the diffusion of water in 
tissue in order to produce neural tract 
images (Figure 1). The idea of using 
diffusion data to produce images of neural 
tracts was first proposed by Aaron Filler & 
colleagues in March of 1991. Several 
months later (1992) the first DTI image 
showing neural tracts curving through the 
brain was produced. Conventional 
magnetic resonance (MR) imaging has been 
the standard clinical tool to characterizing 
and localizing brain tumors. Topical, MR 
imaging is used to determine the 
appropriate therapy and for neurosurgical 
planning if lesion resection is possible. 
However, even the most anatomically 
detailed MR imaging does not allow an 
assessment of specific white matter (WM) 
tracts. DTI data can be used to visualize the 
major WM tracts of the brain [1..3].  DTI is 
an MR technique that can indirectly evaluate 
the integrity of WM by measuring water 
diffusion and its directionality in three 
dimensions [4]. DTI has been applied to 
differentiate edema from tumor, in patients 
with brain tumor for tumor characterization 
and to assess structural properties of the 
adjacent tracts [5..10]. 
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Figure 1    The first images of tractography from our 
research  project 
 
Knowledge of the anatomical 
relationship between tumor and WM tracts 
could improve preoperative risk analysis 
and decrease the risk of WM tract injury 
during surgery. To minimize injury to the 
WM tracts adjacent to the tumor, 
knowledge of their structural integrity 
would be important. 
Experimental 
The principal application of DTI is in 
the imaging of white matter where the 
location, orientation, and anisotropy of the 
tracts can be measured. DTI allows 
clinicians to look at anisotropic diffusion in 
white-matter tracts, but it is limited in 
demonstrating spatial and directional 
anisotropy. Advanced methods such as 
color coding and tractography (fiber 
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tracking) have been used to investigate the 
directionality. If diffusion gradients (i.e. 
magnetic field variations in the MRI 
magnet) are applied in at least 3 directions 
(6 directions improves the accuracy) - that 
describes the 3-dimensional shape of 
diffusion.  
The fiber direction is indicated by the 
tensor’s main eigenvector which can be 
color-coded, yielding a cartography of the 
tracts' position and direction: red for left-
right, blue for superior-inferior, green for 
anterior-posterior. No consensus has been 
reached about an appropriate criterion 
standard for evaluation the accuracy of 
DTI, and this technique is primarily 
investigational at present.  
Tractography potentially solves a 
problem for a neurosurgeon in terms of 
minimizing functional damage and 
determining the extent of diffuse 
infiltration of pathologic tissue to minimize 
residual tumor volume. In this way, 
tractography facilitates preoperative 
planning. Tractographic images may help to 
clarify whether a tumor is compressing, 
abutting, or infiltrating the contiguous 
white-matter tracts. DTI identify different 
tumor components, and to differentiate 
tumor invasion from normal brain tissue or 
edema. DTI has demonstrated a potential in 
distinguishing gliomas and solitary 
metastasis in the brain parenchyma. 
Significantly higher mean diffusivity, 
compared with levels  in normal-appearing 
white matter, have been demonstrated in 
the peritumoral regions of both gliomas and 
metastases. Peritumoral mean diffusivity of 
metastases and meningioma is significantly 
higher than that of gliomas. Some clinical 
applications of DTI are in the tract-specific 
localization of white matter lesions such as 
trauma and in defining the severity of 
diffuse traumatic brain injury. 
The localization of tumors in relation to 
the white matter tracts (infiltration, 
deflection), has been one the most 
important initial applications. In surgical 
planning for some types of brain tumors, 
surgery is aided by knowing the proximity 
and relative position of tumor. The use of 
DTI for the assessment of white matter in 
development, pathology and degeneration 
has been the focus of over 2,500 research 
publications since 2005.  
Results and discussions 
Tractography combined with functional 
MRI may potentially help in preoperative 
planning of brain tumors by mapping areas 
of active infiltration. The recent 
development of DTI allows for direct 
examination of the brain microstructure, 
and DTI has become a useful tool for 
investigation of brain disorders such as 
stroke, epilepsy, MS, brain tumors, and 
demyelinating disorders.  
In the surgery of patients with brain 
tumors, preservation of vital cerebral 
function is as important as maximizing 
tumor resection. The associated morbidity 
of aggressive resections can be significantly 
reduced by carefully preservation of vital 
cerebral function, and the quality of life of 
these patients will be largely improved. 
Simultaneously maximizing tumor 
resection can reduce the chance of 
recurrence of tumors and improve longer 
patient survival and long-term functional 
status [11,12]. For realizing these two goals, 
many imaging modalities were used to 
assess brain tumors, which include 
conventional MRI, positron emission 
tomography, magnetoencephalography, and 
functional MRI [13..15]. These tools were 
used to determine the relationship of 
tumors with surrounding cortical function 
areas but provide no information 
concerning the status of the eloquent white 
matter tracts. Knowledge of the structural 
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integrity and location of eloquent white 
matter tracts relevant to cerebral tumors is 
crucial in neurosurgical planning, because 
damage to these clinically eloquent 
pathways can result in postoperatively 
neurological deficits as damage of 
functional cortical areas. It is very important 
for designing appropriate neurosurgical 
plan that determining the exact location of 
tumors relevant to eloquent white matter 
tracts. 
DTI is an important progress in the field 
of MR imaging. It is the only imaging 
method that can visualize the 3D structures 
of white matter tracts in the brain in vivo. 
Recently some researchers have reported 
that DTI can be used to illustrate the 
relationship of clinical eloquent white 
matter tracts with brain tumors [16,17], and 
they were all restricted to preoperative 
studies. 
In general, cerebral tumor may alter the 
adjacent WM in three different ways: by (1) 
displacing the WM tracts but with relative 
preservation of the fibers, (2) infiltrating the 
WM tracts, and (3) disrupting of the WM 
tracts.  
Intracranial tumors may involve both 
functional cortical gray and white matter 
tracts. Resection of these lesions requires a 
detailed understanding of functional 
anatomical relationships to surrounding 
tissue and adjacent white matter 
connections. This is most critical in dealing 
with eloquent cortical regions in the 
dominant hemisphere in which motor, 
sensory, speech, and cognitive functions are 
situated. An understanding of the location 
of the lesion in relation to surrounding 
eloquent tissue assists the surgeon in 
developing an intraoperative plan. 
Many diagnostic modalities are currently 
used to define eloquent regions of the 
brain. Standard MR imaging, positron 
emission tomography, magneto-
encephalography, and fMR imaging are 
some of the tools used to investigate the 
location of functional cortex areas. [18..22] 
These preoperative studies aid in 
identifying regions of the brain involved in 
the cortical activities of sensation, motor, 
and speech. Preoperative targeting of these 
areas helps in determining critical 
relationships of lesion location and 
surrounding cortical function. The images 
can then be fused with frameless 
stereotactic devices, allowing for the 
planning of optimal surgical approaches and 
determining the degree and volume of 
tumor resection. [22] Preoperative 
diagnostic studies still must be confirmed 
by intraoperative cortical mapping of 
functional areas in many cases. 
Intraoperative cortical mapping has been 
shown to maximize the extent of tumor 
resection and to minimize the associated 
morbidity of aggressive resections. [23] 
The goal of using these various mapping 
techniques is to delineate functional areas 
so that they can be preserved during 
surgical resection. Aggressive surgical 
resection of brain tumors has been shown 
to correlate with longer patient survival and 
improved long-term functional status. [24, 
25] Some neurosurgeons advocate the 
removal of cortical tissue appearing grossly 
abnormal during the operative procedure, 
that is, based on the premise that areas of 
functional tissue are either displaced or 
destroyed by infiltrative tumors. [26] 
Researchers of other studies found that 
tumors that grossly invade areas of 
functional cortex may still retain functional 
fiber tracts within the pathological tissue. 
Using intraoperative cortical stimulation, 
Ojemann, et al., [27] limited the extent of 
resection by demonstrating gross invasion 
of tumor into cortical and subcortical 
structures.  
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It is unclear if these fibers are displaced 
or obliterated by tumors. Diffusion-tensor 
imaging provides information on the 
directionality of water molecules at the 
cellular level, thus indicating the orientation 
of fiber tracts. 
In tissue with an ordered 
microstructure, like cerebral white matter, 
orientation can be quantified by measuring 
its anisotropic diffusion. Diffusion-tensor 
calculations permit the characterization of 
diffusion in heterogeneously oriented 
tissue. [28] The spatial orientation of 
myelinated fiber tracts can then be 
represented as distinct white matter maps in 
easily read, color-coded directional maps. 
[29] Recently, various investigators have 
used directional diffusion information to 
create maps of white matter connectivity. 
[30..32]  These techniques may be valuable 
for tract identification when the white 
matter tracts are displaced by tumor. 
Diffusion-tensor imaging is a useful new 
preoperative diagnostic tool for evaluating 
lesions close to vital cortical and subcortical 
structures. 
Knowledge of this displacement assisted 
in preoperative planning by informing the 
surgeon of the tract’s shifted location, thus 
allowing for adaptation of the surgical 
corridor to avoid destruction of the 
communicating white matter bundles. In 
this instance the tumor was approached 
from a frontal direction, allowing for 
aggressive resection at the frontal pole of 
the tumor while avoiding the posteriorly 
deviated motor fibers. This resulted in 
postoperative improvement of the patient’s 
hemiparesis, presumably due to the 
elimination of pressure on the corticospinal 
tracts. 
Conclusions 
The recent development of DTI allows 
direct examination, in vivo, of some aspects 
of brain microstructure. DTI has already 
shown to be of value in studies of 
neuroanatomy, fiber connectivity, and brain 
development. It has become interesting for 
investigation of different brain pathology, 
such as cerebral ischemia, trauma, MS, 
presumed AD and cognitive impairment, 
epilepsy, brain tumors and metabolic 
disorders. However, further improvement 
in technique and stable postprocessing 
analyses is needed to increase the utility of 
DTI in both research and clinical 
applications. 
Acknowledgements 
This study was possible with support from 
national research project 42-149 “Parteneriate in 
domeniile prioritare” 2008; “Imagini ale traiectelor 
nervoase (Diffusion Tensor Imaging) integrate unui 
model anatomic 3D instrument de diagnostic si 
tratament”. 
References 
1. Bammer R, Acar B, Moseley ME (2003) In vivo MR 
tractography using diffusion imaging. Eur J Radiol 
45:223–234 
2. Ciccarelli O, Toosy AT, Parker GJ, Wheeler-
Kingshott CA, Barker GJ, Miller DH, Thompson AJ 
(2003) Diffusion tractography based group mapping of 
major white-matter pathways in the human brain. 
Neuroimage 19:1545–1555 
3. Mori S, van Zijl PC (2002) Fiber tracking: principles 
and strategies - a technical review. NMR Biomed 
15:468–480 
4. Basser PJ (1995) Inferring microstructural features 
and the physiological state of tissues from diffusion-
weighted images. NMR Biomed 8:333–344 
5. Field AS, Alexander AL (2004) Diffusion tensor 
imaging in cerebral tumor diagnosis and therapy. Top 
Magn Reson Imaging 15:315–324 
6. Field AS, Alexander AL, Wu YC, Hasan KM, Witwer 
B, Badie B (2004) Diffusion tensor eigenvector 
directional color imaging patterns in the evaluation of 
cerebral white matter tracts altered by tumor. J Magn 
Reson Imaging 20:555–562 
7. Field AS (2005) Diffusion tensor imaging at the 
crossroads: fiber tracking meets tissue characterization 
in brain tumors. AJNR Am J Neuroradiol 26:2168–
2169 
8. Nimsky C, Ganslandt O, Hastreiter P, Wang R, 
Benner T, Sorensen AG, Fahlbusch R (2005) 
 
 
 
Romanian Neurosurgery (2012) XIX 2: 110 – 115          115 
 
 
 
Intraoperative diffusion-tensor MR imaging: shifting of 
white matter tracts during neurosurgical procedures—
initial experience. Radiology 234:218–225 
9. Stadlbauer A, Nimsky C, Gruber S, Moser E, 
Hammen T, Engelhorn T, Buchfelder M, Ganslandt O 
(2007) Changes in fiber integrity, diffusivity, and 
metabolism of the pyramidal tract adjacent to gliomas: a 
quantitative diffusion tensor fiber tracking and MR 
spectroscopic imaging study. AJNR Am J Neuroradiol 
28:462–469 
10. Yu CS, Li KC, Xuan Y, Ji XM, Qin W (2005) 
Diffusion tensor tractography in patients with cerebral 
tumors: a helpful technique for neurosurgical planning 
and postoperative assessment. Eur J Radiol 56:197–204 
11. Ammirati M, Vick N, Liao YL, et al. Effect of the 
extent of surgical resection on survival and quality of 
life in patients with supratentorial glioblastomas and 
anaplastic astrocytomas. Neurosurgery 1987;21:201–6. 
12. Mueller WM, Yetkin FZ, Hammeke TA, et al. 
Functional magnetic resonance imaging mapping of the 
motor cortex in patients with cerebral tumors. 
Neurosurgery 1996;39:515–21. 
13. Schreckenberger M, Spetzger U, Sabri O, et al. 
Localisation of motor areas in brain tumour patients: a 
comparison of preoperative [18F]FDG-PET and 
intraoperative cortical electrostimulation. Eur J Nucl 
Med 2001;28:1394–403. 
14. Quinones-Hinojosa A, Ojemann SG, Sanai N, 
Dillon WP, Berger MS. Preoperative correlation of 
intraoperative cortical mapping with magnetic 
resonance imaging landmarks to predict localization of 
the Broca area. J Neurosurg 2003;99:311–8. 
15. Fujiwara N, Sakatani K, Katayama Y, et al. Evoked-
cerebral blood oxygenation changes in false-negative 
activations in BOLD contrast functional MRI of 
patients with brain tumors. Neuroimage 2004;21:1464–
71. 
16. Witwer BP, Moftakhar R, Hasan KM, et al. 
Diffusion-tensor imaging of white matter tracts in 
patients with cerebral neoplasm. J Neurosurg 
2002;97:568–75. 
17. Clark CA, Barrick TR, Murphy MM, Bell BA. 
White matter fiber tracking in patients with space-
occupying lesions of the brain: a new technique for 
neurosurgical planning? Neuroimage 2003;20: 1601–8. 
18. Atlas SW, Howard RS II, Maldjian J, et al: 
Functional magnetic resonance imaging of regional 
brain activity in patients with intracerebral gliomas: 
findings and implications for clinical management. 
Neurosurgery 38:329–338, 1996 
19. Bittar RG, Olivier A, Sadikot AF, et al: Cortical 
motor and somatosensory representation: effect of 
cerebral lesions. J Neurosurg 92:242–248, 2000 
20. Grafton ST, Woods RP, Mazziotta JC, et al: 
Somatotopic mapping of the primary motor cortex in 
humans: activation studies with cerebral blood flow and 
positron emission tomography. J Neurophysiol 66:735–
743, 1991 
21. Lehericy S, Duffau H, Cornu P, et al: 
Correspondence between functional magnetic 
resonance imaging somatotopy and individual brain 
anatomy of the central region: comparison with 
intraoperative stimulation in patients with brain tumors. 
J Neurosurg 92:589–598, 2000 
22. McDonald JD, Chong BW, Lewine JD, et al: 
Integration of preoperative and intraoperative functional 
brain mapping in a frameless stereotactic environment 
for lesions near eloquent cortex. Technical note. J 
Neurosurg 90:591–598, 1999 
23. Berger MS, Ojemann GA: Intraoperative brain 
mapping techniques in neuro-oncology. Stereotact 
Funct Neurosurg 58: 153–161, 1992 
24. Ammirati M, Vick N, Liao YL, et al: Effect of the 
extent of surgical resection on survival and quality of 
life in patients with supratentorial glioblastomas and 
anaplastic astrocytomas. Neurosurgery 21:201–206, 
1987 
25. Ciric I, Ammirati M, Vick N, et al: Supratentorial 
gliomas: surgical considerations and immediate 
postoperative results. Gross total resection versus partial 
resection. Neurosurgery 21:21–26, 1987 
26. Kelly PJ: Volumetric stereotactic surgical resection 
of intra-axial 
27. Ojemann JG, Miller JW, Silbergeld DL: Preserved 
function in brain invaded by tumor. Neurosurgery 
39:253–259, 1996 brain mass lesions. Mayo Clin Proc 
63:1186–1198, 1988 
28. Pierpaoli C, Jezzard P, Basser PJ, et al: Diffusion 
tensor MR imaging of the human brain. Radiology 
201:637–648, 1996 
29. Pajevic S, Pierpaoli C: Color schemes to represent 
the orientation of anisotropic tissues from diffusion 
tensor data: application to white matter fiber tract 
mapping in the human brain. Magn Reson Med 
42:526–540, 1999 
30. Basser PJ, Pajevic S, Pierpaoli C, et al: In vivo fiber 
tractography using DT-MRI data. Magn Reson Med 
44:625–632, 2000 
31. Conturo TE, Lori NF, Cull TS, et al: Tracking 
neuronal fiber pathways in the living human brain. Proc 
Nat Acad Sci USA 96: 10422–10427, 1999 
32. Stieltjes B, Kaufmann WE, van Zijl PC, et al: 
Diffusion tensor imaging and axonal tracking in the 
human brainstem. Neuroimage 14:723–735, 2001 
 
